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INVERTING x, y GRID COORDINATES TO OBTAIN LATITUDE 
AND LONGITUDE IN THE VAN DER GRINTEN PROJECTION 

David Parry Rubincam 
ABSTRACT 

The latitude and longitude of a point on the earth’s surface are found from its x, y grid coordi- 
nates in the van der Grinten projection. The latitude is a solution of a cubic equation and the longi- 
tude a solution of a quadratic equation. Also, the x, y grid coordinates of a point on the earth’s 
surface can be found if its latitude and longtiude are known by solving two simultaneous quadratic 


equations. 


INVERTING x, y GRID COORDINATES TO OBTAIN LATITUDE 
AND LONGITUDE IN THE VAN DER GRINTEN PROJECTION 


Interest in the van der Grin ten projection (van der Grinten, 1905) has revived recently because 
of its use in the geophysical atlas of Lowman and Frey (1979). The maps contained therein are based 
in turn on the map “The Physical World” (1977 revision), which is produced by the National Geo- 
graphic Society and uses the van der Grinten projection. 

O’Keefe and Greenberg (1977) have given an algorithm for doing the forward problem in the 
van der Grinten projection: showing how to go from latitude and longitude to x, y grid coordinates. 
Rubincam (1980b) has made corrections to some of the equations given in O’Keefe and Greenberg 
(1977). Snyder ( 1 979) also made a correction. 

In this paper we will show how to do the inverse problem; going from x, y grid coordinates to 
latitude and longitude. This is required for some applications. For instance, Rubincam (1980a) 
computes a density distribution based on the gravity field at points on a rectangular array in grid 
coordinate space (see Fig. 1 ) for plotting on the tectonic activity map of P. Lowman (Lowman and 
Frey, 1979, p. 40) in order to observe correlations between density and tectonics. Since the density 
distribution is expressed in terms of spherical harmonics, the latitude and longitude are necessary for 
computing the density at each array point; hence the need for the inversion. 

Further, we will give an alternative algebraic algorithm for doing the forward problem, which 
may be simpler than the trigonometric approach of O’Keefe and Greenberg (1977). Snyder (1979) 
has also given an alternative algorithm. 

In the following we will use the notation of O’Keefe and Greenberg (1977). 

We first wish to find latitude 0 and longitude X of a point when the grid coordinates (x, y). 
reference longitude X Q , and scale factor p are known. The origin of the grid coordinate system is at 
0 = 0 and X = X c . 
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Let us begin with the latitude 0. We will assume that y > 0, so that 0 > 0 and b > 0, where 


0 a bir and 0 is measured in radians. It proves convenient to find b from 

x 2 +(y-yj) 2 =s 2 , (1) 

which is the equation for a circle (see Fig. 2). Quantities yj and s can be expressed in terms of b and 
P- 

_ 2pq-b)vms 
yj " bcvr+iF./r^b) 

2p(l +b)y r T‘2b 

s " b(vmb-v^b) 

These two equations are derived in the Appendix. They agree with those originally given by van der 
Grinten ( 1 905, p. 360) for 2b = c and 2p = 1 . 

Substituting (2) and (3) in ( 1 ) and multiplying by 

b(Vl + 2b - V 1 -2b) 2 

gives 

[4p(l - b)y - 2b(x 2 + y 2 )] v/I^4b 2 =4p(l -b)(l +2b)y-2b(x 2 +y 2 )- 16p 2 b 2 . 


Squaring this expression and dividing by 16b gives the cubic equation 

c 3 b 3 + Cjb 2 +Cjb + c 0 = 0 (4) 

after considerable algebra, where 

c 3 = 16p 4 + 16p 3 y + 8p 2 y 2 + 4py(x 2 + y 2 ) + (x 2 + y 2 ) 2 

c 2 = -8p 3 y + 4p 2 (x 2 + y 2 ) - 1 2p 2 y 2 - 2py(x 2 + y 2 ) 

Cj = -8p 3 y - 2py(x 2 + y 2 ) 


and 


c 0 = 4p 2 y 2 . 


The trigonometric solution is the most convenient way to solve (4). It is (Selby, 1973, pp. 103-104): 

c 2 
3ci 


b = m cos 


K) 


(5) 


where 


and 


with 


and 






Latitude 0 is then found by multiplying (5) by tr. This is the desired result for y > 0. The latitude 
0 when y < 0 is easily found from the above result, since the van der Grinten projection has reflective 
symmetry about the equator. In this case we merely set y = -y, solve for b from (5), and then set 
0 = -b*. The case for y = 0 is trivial; here 0 = b = 0. 

The longitude X can be found from the equation (see Fig. 2) 

(x-x M ) 2 +y 2 =r 2 , (6) 

where (O’Keefe and Greenberg, 1977; Rubincam, 1980b): 


x 


M 


r = 



and 


X-X, 


8 * 


Substituting (7) and (8) in (6) gives an equation quadratic in 8, with solution 

x 2 +y 2 -4p 2 +yi6p< + 8p 2 (x 2 -y 2 ) + (x 2 +y 2 )^ 
4px 


(7) 

( 8 ) 

(9) 


( 10 ) 


when x * 0. Longitude X is found from (10) via (9). The trivial case of x * 0 gives X = Xq. 
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This completes our derivation of the basic equations for the inversion process. They have been 
verified through numerical examples. 

The forward problem can be done according to the following algorithm. First, find b and £ 
from 0, X, and X Q . Next, compute yj by substituting |b| for b in (2) and putting a minus (-) sign 
in front of the resulting expression if b < 0. Then compute s by substituting |b| for b in (3). After 
that, compute x M and r from (7) and (8). Finally, find grid coordinates x and y by solving simul- 
taneously the quadratic equations (1 ) and (6). This gives 

x m(*m +y? + s 2 - r2 ) + TT lyj I >/4r 2 s 2 - KxjJ, + yj) - (r 2 + s 2 )] 2 
x = (10) 

2 (x& + y 2 ) 

yj(*M + y 2 + r 2 -s 2 )- !x m I V4r 2 s 2 - Kxg, +yj)-(r 2 + s 2 )] 2 

y ( 11 ) 

2(x 2 m + yj) 

These equations have been verified numerically. 

Our approach to the forward problem may be quicker than the trigonometric approach of 
O’Keefe and Greenberg ( 1 977) when programmed on a computer. It certainly involves less confusion 
about signs. Further, it differs from Snyder’s (1 979) approach; his involves some trigonometry, while 
ours is wholly algebraic. 

Summarizing our results on the van dcr Grinten projection, we have: verified van der Grinten’s 
original equations for yj and s, which are given by our (2) and (3); solved the inverse problem of 
going from x, y grid coordinates to latitude and longitude; and given an algebraic algorithm for doing 
the forward problem of going from latitude and longitude to x, y grid coordinates. 
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APPENDIX 


Derivation of Equations for s and yj 


Here we derive (2) and (3) to find s and yj in terms of b and p. We make constant reference to 
the geometrical relationships of Fig. 2. Our Fig. 2 is based on O’Keefe and Greenberg’s (1977) Fig. 2. 

Now A’O = 2 p and BO * 4pb (O’Keefe and Greenberg, 1 977). Also, FO ■ BO - BF ■ 4pb - BF. 
Since BEN is a right isoseles triangle, we have BE ■ BN * 2p - 4pb. These equations and the ratios of 
die lengths of sides of similar triangles BEF and A’FO give 

2pb (1 - 2b) 


From right triangle BCO and the Pythagorean theorem we have 

BC = 2py / 1 - 4b 2 . 

Also, DO = 4pb - BD. So by similar triangles BCD and A’DO we get 

BD _ DO 4pb - BD 
BC " 2p 2 p 


4pb>/l-4b 2 
1 +>/l-4b 2 

2pb(-l +2b + 7l -4b 2 ) 
(1 -b)(l +>/l -4b 2 ) 


Therefore 


DF = BD - BF = 


We have also FO = 2pb/(l - b). From right triangle FGO we obtain 

T3fc— • 


and from right triangle DFG we get 


both by Pythagoras. 


(DG) 2 = 


8p 2 (l tb)(l- 2b) 
(l-bXl+>/l-4b 2 ) ’ 


* 


Now by similar triangles DHJ and DFG we have 


DJ _ DG 
ViDG “ DF 


where DH - DG/2. ButDJ = s;so 

__ (DG) 2 = 2p(l + b) yT^~Ib 
S " 2DF = bf^-Vl -ibl ’ 


which is the desired equation for s. 

Finally, yj ■ OJ * DJ + DO * s + 4pb - BD, so that 

2p(l -b)Vl +2b~) 
Vj ” b(V 1 + 2b - v/l - 2b) ’ 

which is the desired equation for yj. 


6 


References 


Lowman, P. D. t and Frey, H. V. (1979), editors, U A geophysical atlas for interpretation of satellite- 
derived data,” NASA TM 79722, Goddard Space Flight Center. 

O’Keefe, J. A., and Greenberg, A. (1977), “A note on the van derGrinten projection of the whole 
earth onto a circular disk,” Amer. Cartographer, 4, 1 27-1 32. 

Rubincam, D. P. (1980a), ‘'Information theory density distribution,” in “Earth Survey Applications 
Division Research Report-1979,” edited by Lloyd Carpenter, NASA TM 80642, Goddard Flight 
Center, pp. 54 to 5-1 2. 

Rubincam, D. P. (1980b), “Errata for ‘A note on the van der Grinten projection of the whole earth 
onto a circular disk’ by John A. O’Keefe and Allen Greenberg,” Amer. Cartographer, m press. 

Selby, S. M. (1974), editor, Standard Mathematical Tables , Twenty-second edition, CRC press, 
Cleveland, Ohio. 

Snyder, J. P. (1979), “Projection notes,” Amer. Cartographer, 6, 81 . 

van der Grinten, A. (1905), “New circular projection of the whole earth’s surface," Am. Jour. Sci ., 
19,357-366. 


7 


h i 


~*w*0r***+tr***rrf hiAMMiMmmt t#*ty — 

MAUM**UM»«lMll*MUMAUI | t«*4#* .* 1 M«f tft| 1 f 1 AA AMJCtf'dAf A AAA) t t t I 1 1 

I AAA nn.'iifttc i '*B'4<K'*AAft l| 1 1 1 

AA* AA AAA AAAAAA *4 AA A AAA W AAAAAA* 1 1 1 I l 4 i * V <4 # ! 1 I A A *»Mt < C ^ C Ml tVlP A A A A A | | 

AAAAAAA1 | AAAA #* # • A A AAA AA^.A * 4\*AA*| t 1 1 I I I I 111 II > As slCCA C W *ft OCC *.« oJ’IO* A AAA* A 
■ M*H iH 4+M-M*^A* AAA 4AIM*Hi**J A *.***M 1 M iAAA A W.NM,4tOtftM** O.U A* 

M t 1 1 t I It t II I I I AA AAAAA,|<li Jii A AA A A A A A AAAAt, f IMCCCIC f..H>C IC14K CC I.«t«*> AAAAaA 

Mi!!! ItimuiUMAiiv :<!'t im m. ****** ut»* *»cc<;t 4 tt«c<.t€U 4 «•<«***** 

^11 If I ! 1 1 lit II Mil II A4AAA'1rir'"«f»ttt AQU Mf l Ptll fP"MI CM AB*Ft**rftpFfW«« tflAAAA* It- * 
M *1 I; IlffJJ II HI II lAAAAA.-.JHiK.ttivltltfiiU'fll’ It A A AAAAA.AAAlU..* AA AAA t| || 

—l! 1114 4*tiJ I ill M IJ UlA‘441 JAiUCIlltiKiIVKiiMAUmi III IHUAAAAMMAI lllfti 

fit IfJ!i!!l!l ********<*** ^uieui umj** a*\*a*m mm*»i i; maaaaaamHimT 

llllll I Ml 1 1 1 1 I Ml I II II 1 I UUAM(.b.ittt< Ut.*.,i*UA4|iilMlitUI|IIMtlUA|limtl|l 


U4 IIHIHM 4* A v 


•'S* ! rtmi mm fit i Iaaaa^ 

I* 9 * ti M 11*1111 l 1 r If * a A AM IM 1 1**1 1 1* M Ml M 1 1 ImUA^AI * A A AA AA AA A A A* U.llUn AAA AAA A* A 

IMIlfM I IM*** 4 At* 1- LILfc ll 1 * *t ****4** ?*? * ! ! U 1 * 1 ]?*•* 


I AAAAAAAAAAAAAAAAAAI - *-*| m !*■» Ai*t_ Aft I'niUAftAAIUI j g'_ jj j j t| i*i*i nr* li'Mf* 

II liliilA AAA AAAAAA A* A* A A | | |( iAAAU JuoA# »| ||AA.t ( , jU^AI'. MMH! | Mill I I I I I «? ,’ *?*l 1 1 t | 1 t A* A A **•'*!« 

A4AA4 ft *Aft AAA 1 1 A H I M MM t 1 111 I A»A tl- A A AA I A- I > ft t> * A ft '* * ft. 1 *A| I) A i I I lit t I ■». ‘ i.P ?3t 1 1 ( tit I |AU J*J 
‘ 'AA*************! ft JAft.AAM 1 Mill A AA'HiAA A A A AA A*Tf f 3AA A A# A AAA A A A I MIt*MMlttl7?llMlllllI*AMH ■““* 

AA AAA A All f|| *A AA|| | A M AA M M I M I AA At 4* ft, A A* At » l,»t i A A H tA A **U • dWIItlt AAA A A ItMIMMltll | | A t *nr 
..... Ml AA A#a» * I IUAI||U*«‘*f.Uillll»‘Aa.!lA#il4i[ MAAfiMl **.»» • » ************* * IMMIIIMMIIMAm 
ll II |AAAA‘ 4. f V A A A I t I t.lAAAA I | 1 | | I | ft* 4 ,it> * A ft A ft A A.j ft A* I I I I | A A 2 f f > . i* A A A A A At) l A 4 AAA A | I I ll 1 I I I I I I I I A M 
II MIMA* 4 41*1*411 II 1 1 A A *. | Mill I MAM /ft A* A A A f ft. *4 A* A llll>V^ .3 ;IAAAAam/ <«a | ; I I I Ml it Ittl II I A 
. .44 I M 44 A A AAA AAA A 1 1 1*444 444 144 M 4 AAAAAaAaa| I I | AAAAAAAl 1 1 A<- Aif- w AA A 41 41 lAAAAll I | U«| MMAAI I lllll. . 
A* * *A III 4 4A #4AAA4 | till I I i I I I I | I UAMAI-4 I 1 I I It | |«* / A ’. A A * A A * A A A A | M t r ?X < I I I I ‘r d 1* i It i* l A *. A* I I |? I 
AAAAAA I | AAAPI FAAAAftl 4 1 I M M 1 1 1 I » » I I AA A A | I » M *+ 2 1 1 * A At I A A A A A 1 1 Mitt *1 f ti .»»* ?«> U * ? 9 9 M )%*<<*** t »7»| 
*49**41 | AAAHAJM* AAA4 I It! I I II II II M M I I III 1 ; .* t 71 1 A V r J* 4 A (I I t I | 1 1 J3 J 4 4??*M 1 till * A A A A t J f f 
A* A A A | I | | * A A I A 4/ A A A A V 4,1 1 I I | | M I >1111 I I * AAA I | | | | I AA“‘ > I, 4 * » I I Mil III#? • V.AII I M I I I A A 4*1 1 4^'AAI Ml 
Aa A A | | | | | I A AAA A I H 1 A AAA I | 4 A A A AAA IA AAA A A A AAA A A1 III AA A!. L C A 44 AAA I I I 1 AA* | } M 1 I I It A AAA AAA AAA A M»»A*AAAA 
4AM I II I I ii I I I ll II II II |4?4A"*A/.AhAl A 4 t A AAA A A \ UU -tM' % A a A *4 ' * A \ M j |A-*44AAA4 AA At A* L, N A A A 

M MIIlMIMlin j lll III I* *|< AAAA A I I AAy» ?» A» A 4A| I n M A A* AA | t I AA iAA A AAAAAA A A 4 AA* 4 A AAA A AA AAA AIM 

""** •* !?*f !!! iff 1 ' : f ia-4 amiab i;t * m • *ai is m*ia .»*iS*»iuiif! mt lit tTiit iitttAA 4 aaaaaa 


II Mil I 1 ISAM' I I I A At‘t‘4 AA | | A »*f CC”A| | Ai»t*l. A A 1 1 ACC^dtlf* r» f AMI | AA A A M ’ ## # It I t< ir i 1 III Ml *1 |A A A * 4. a A A A AA A 
II I I t I I t IffMfMlHI 1 11 FI’ i 1 IWflUMAmAl A M AA V/, l.t-’v ti *. M *4 I A A4 4 A A t ) f ?\ | J | *<??-,-* 14*111 II AAA* UMM]| | 

ilillimiii'iiii.’i.' •; w-J X i ‘<MA.miAi hi* i i aa %*»r i- «aa»4 iaa iii im i %a .*m a •» aamaaaaa aa-.aaa m i t 
- 14.1 l-’l At ?t C« A 4 a A A. t 1 A 4 Al nil* m«A»U*M* 41 M* 4 l 1 1 .. 

*## *1 irT 74 *fTA M 4 ? 5 A 2 I » *1 #M A 1 « .*.*?.* fi* . . . t 1**4 A J* 4 A 4 l.t 4 1 1 || 1 4 » A, | J . J J A' fA «Utu; | | 4*4 \k | | 

* 14 AA A | lAAftlCM.Fl A | r*i *''A*K'?S2lM'4lt 1 1 1 • J t I Jj *1 « *3 I I Ml I A# A|*f> AA | A ’ I |A* A J » .« * 1 A A A a a a A A AA J * | |AAAA*1A 


I AM "AA I I If >; I •( t r ||,| j*C< * s t * 41 4.'. j! I A At tw< A A A J M I 1 1 ‘ . t 1 A A* «A A AA M t‘ V 1 A t A a 3 I )A 1 I 1 A A HA A | It Aft'- A A 1 I 

AHMJHA | | 1 If ; : | | AAA l A -** I A A^-l .it J'iA | Ai'v t t Ml 1 4 A AAA A 4 A | It 4 Af I * A A *4 A A All 1 I A A* J ( j i | A AA | } | -§ 5 AA |AAj |A | M 

— - If»t|tut1*i;n -ttl *,**^«t*4 Ift lltuti a A *-1 -• *A*,-.A*A« ^*444* All A* A* A* M |t*PIUAI A“fA 4 *A*1fl*f tT“ : “* 

U*M?I2|MI M I A»m» 4 l< '#f'?:..Ai":C>tA#M AAt I I IM I I *AAA| I A44AAAAAAAI I I IAAAAA* I I |AA«A I | IAAA MAI AA AA1 lAAAAll IA 

1?rrrJiM / l m#MMTi»lA*. 1 1 mIm i. aa**i h i m. i Jnunu i iu i-. * tA« it i .^n »A*/ . mM^aia i/jfM* am i m i i M aa 

||AtA|*t( t»llin*|}?'l**llltll3?il A A A A A At f# A A 1 A At i * A A * I M *1 t.' A I A An A |?M1*«*A*| ?^3IA*iliM4| M 1**1 I 1*4 
■ . i it.tiii*UiAlijm#<JUA* * ii i# iitn.i-. ' » - ■ • ■ -illl 4ul^4J UAAI 1 d-i * AAA i*ii t ‘ Ant-. i#j ll u \ 1 AA*I .* I M 

Al’f A 1 1 |# »AA1 1 M ** I 1 I A * a | ;v*?M I II aAAaaalc a** i 1 t AA> * A I | All ♦ U £ t AA I V M ** I I 1 1 AAA «A4**A* ||U4*|»«4A 
MAIMMW4II | A Af *4/4 A I I * t AAA A A| | A AAAt*i AAM An£A| t I At; A I .* I »ll*IW||| ' I* t A* Mil I AAAAAA) | 1 A \ A | I* A A | « i | A* 

* I* * Jl^^l HillIllA’AA*MI. J lUlti A A | | v.pA W S«iA l*i | A? A If# | | ? )ic |A* Mill 1 MM I 1 t t 1 1 I IMMlMI *A 

All II I I I I M AAA I I 1 1 A A I 1 !*.»'! A‘!CA 1 1# x 1 A A-' ( I ** * A t A ( rf A< 1 *t A | ?.j ? A* A 1 1 | jf I AA 1 Ml I II I 4 H I I I It t t i A A | | M * AA 
IfAA M I I II I I *' t A I I . M J I I I i I * A 1. * 1AAA A* it bu tv w’. mi I I* A I. ! . I A s* * I I I M II M It 3 ’ I * * I It J 5 <• A 41 » I 4 » I * | 1 | * A 1 4 
rAMMtlllAI*t##M Mil |At ’ A *41 A AIM AAAI 1* - f 4i* 1 CC ll I II t | ,‘,’il AA |#» I | I A A 1 M^.’jl *A AM t A*«I,A I ? “ JA IAA 1 |* >AA 
It I I M 1 M I A HU'Allll ll A*1 i>'I*A44A4****b i i *A4t *>tt| 1 / 1 J M ’ > ✓ ‘ I t * J i ? ? M A M ' J 14*44/1 t AUA I It -> *11 

■I . If H i* m 4fc nu; il I IJI IA^..A.|i l IAA MAaAs *. . IaA li4.uJ4U l.'.u; A M2;± *^4 fci. | AAA * 1 4*4 *A*U*AA*i-. ^ 

II | A* k 'AAA*AM It a a • Ml M 1 1 a =m. ill iin««****n imi>> tif'Mni ilill*4 i/* »*|,.r »m** . ^ n .< m aaa t 1 1 1 M It* •* i 

A« Aft'AAl | 1 1 A<:^ AAAAAA 1 1 I AA, <11 A A I M M AA A * A AAAi ■ t. IA *» 1 t.»f AM III II MW? I ' .< t. - ; 1.'.^ /.||'ll I'll lA*< ** 

*- .•* ff |AA* •#/ • A A A A # * • A* 1 I I 1 1 |r«# **!*«/ IMMm'ttltllllliMItMl -M* I ? / • } 1 1 mill |l|\tA*tl*4* 

A* AAA It;; it* IAAAAA AAAAAA AAA I |t } AAA AM II I ll#AA4*#| |U;»MI I MM 1 iMmtllll | I >.V I I A A i | J . ' I I * A* I M ./ 4A 

maa* j i j 1 1 , ; i in ii i »m / v *< ; 1 1 1 1 if 1 1 n 1 4/.»# , * , t j , .m : ; i m. 1 1 1 * . /?t i ***«> 1 4 ?? 1 1 *• 1 1 .•■ *p* jj 

If 1 aA I I I I I if I I i II *A\A*. * t M It A>U ill I A* t* * *’ UA*,ft**M**MU4* ! *44* i«i.ill|| III I M AAA || I IAA A I 5 iJ.iir* 
M }*f**f *|| **} “t!*?u*! AAJ J ^M/A^l I ll I 1 M A#- A * 4* AAA AAAAAA **f AAAAAAf AA1 | *?,■*.' I A* 4 A t 1 I I I I 4 A AAA t 1*4*17. i 'Ml ‘ 

1 1 l I MM a: I M ** A I | I AA A A I | ; M AAA 1 1 M I f II ****** At I U»n »#AA AAA A I 1 1 7? TTi* AAA* MM M* , 

IMfllUl . 4 * 11**11 M |A * A 1 *r I IAA A It | } I 1 • j 4|AA*t«A*l I I * \ lA .» 1*1**1111 »/./** *44,.) * i*n???l 1111 |l , . I 11**1 

'"'"'““ll / tt aaa iii.’niutfi" *M!ii****m»iiitif i*nn'ii ******* i ia*a mtt#M'*#«Mti**'tit;i ***t t * > t » » a. a, ■— 
IlMIAAAAMl# I I 1IISMAIAI | | A*t 4 A I | l*«mmill 11111*1**111 | A* A| 1 t I A a * A# A A a aa it A Al*'l A | I t AAA AM 1 ! , # M 11 

. It M I A** I |7 f i 11 ! 1 1 I |» * \ A | I I A \ A >■ I 11 | Am A |)lin:nu;u«*'ll| »» »*A 1 1 1 1 / ' * mA • t u; * A ll I * s# P'4 I Mi' Dil i 


IT I I IAA A t illllllll I aaa *1 I i MAlMvl * I * A I Ml II M A At ; 1 l * A m 4 A| ‘AA I I I 1 | / A AA \A/> | MAA 117. 1A 44* I i T A ‘ 4 T 1 % if - \ ' 
‘ AA«M III ll I * AAM f | *.s,A* ; 2 * , 1 


AAA AAAAAA I | M***«*«*A*A| 1 . il l| U i U | I U 11*1 11 »A*U I I A 4 . 4 »« AM I t 
— 4*4, . , ; | UUU-UI 4 U~*M IU*A** A *i AAA _ 

A4AAAAAAAAAA | | iAAAAAAA t I | Ml I I l-*AA| II I * I I* I I t I M 11 I *Aaa AAA M#A«M*4f 
AlA*lillltllMli*Mt|imiMII'»A*Ainilltilii;HI'*VA* w*f **MUI 


UU**I< *A- .v? 
<A4M t I I«tM | A »■'*', A* A } ♦ 1 

AA **'>iiillU in**'.MMIf«|)» 


A4*ltlMMIMt)tttlltlltlllMl**AFA||ll*7AI till 11*4 (III 1 a \ AA’UAAAAAM 9>mtt*4AA4«A 1 1 1 I I ******* I I I 11 ! 
AAA | | | I | | 1| M IAAA | | | /til 1 I Wi IAAAA* M I A AAA M II I IM M I M I AA A A AAAAAA ** AAAAt'ift-A AA •> I | !!***«*** I I || I ||** 
A4AA*A*>A/AA**4 «a| ff, *|J IM IlStl A A* A 1 1 1#**U I ! M 1 1 1 1 1 1 1 I I * * A 4* AA A 1 1 ; 1 *. * %/ t * / ' 4 . A I | M A A 1 * A A| 1 1 1 1 I I *A * 
AAA A4AAA / AAA A A* A A » Mil |AAl M<’|! IAAI M 1 tl » * 1 I Mi it * I I 1 I I IM *«1At* | | | < ; |i*«#*f M I I I IIA t* MAI I | 1 | I lit 
********* I I 1** »*. Ml 11 U W I M II I* I I M « I I 11 I Mi 1 Ml* III I ill 111 A* 4*4)1. J M*^»» ' » 11 ! ***.'/ ***.J M i||||* 
It i m*i l ii 1 1 t**n 1 1 ii***m it i m*i i.’.a mi j m * ' >** -*n.i ii «a*aaa i » i » 1 1 iaa^aaa^aaa^.aa#******! i ,**# 
ll 1 1 Ml I Ml * M*A IMi |l IU 1 I M t IAAAI M 1 * I M I I II I M AAAAI | 1 1) AAAAAAM M i M I I AAAAAAAAAAAAA*/ AAA 11? 

*» } ii 1 * *•*£.! * ** * r ■£!! 1 1 I 1 1 lAAAnA* 1# •« 4 1 1 I 1 ; | 11 . 1 A .A A. AM Mi««AA4A I It M I II if * AAA AAA A AAA ‘*«kil|| ^ 

ii*iiAimm*Mmm?in itt ****** n Ml hamuu <i iaa* mi mi a^aaxai i ii i m * 1 ******** n m*;**m 

AAAAAA# M 11 A?. M 11 1 I A** It*.*, ii 1 1 it*i A #4* Mil litllll 1 1 IAAAAA 4#‘|lll|lll|A A4 A *A# M 1 1 1 1 1*7 Ml 

7 1 1 1 >> AA A AA |li|l|l) 4 A i AAAAAAM i M 1/S4AAA i I I 111 t M i I M AAA AAAAAA I I It M I AAA AM i;{!7i til«4.. 
«ML4i:4AAAAAAA7AAAAM 11 I*a*a*%*a li|iMiMill*A*A|iti M MM | f UA«f i«* I | mi | 4 A M M 77 *7 ? I M AA 
MHff AAAAAA 44##AA/7A It *•*, W- W «• * %A f I « i | l ! 1 M. Ui Mil" ill M * A 4 AA* A#. A 4A<# A %A | |l I I I I A* A 1 1 | 1 $ A* 


Mill n«*«**A*A< •/ *n' *M, \ A i AA A A* . II 1 I V A» 4 * 4* | | AA > A | M It M t A * A 4*> A |) | 1 1 1 A A 

Jl I It 11*7/4/ ’ ti * *4 #4 U 44 • * AA*4A«.V * III* i |4M*Hiin A A AAA I I I 1*4* I IJ 1 I I t i 4 A AAUf* AA AA A* * A 4 

llllll lAAI'lftrM M*I***U1AU\*A*<444. : , J AA A it, j* 34 *4*4*44/ / *4 442 1 | A 4 4 4 % i 1 ) j } | i A4f*iln* fi'UAAA A A 
All | M I A A Ai fit A# A/ A* Jl JM { 1 IAA 4 At* * h #*A. 4 . I % 14 ' M „ ! * u **< U*A* I* 4* I | M I |***M I' t I ( t* 

■All l U 1 AAiJkAf L.AAAA 41 i i M I Li M AA4*A A4AA«/7 AA AA 1.4 A,** 4 4 .* A / / A A *4 4*44 A AAA 44 A AA 1 M 11 j A AuL' .i.ilQIMA 
It 1 I I II I AA*A*AAA*A | | It .’.'<<1 l|A*t***AMMiiAl,m,mmM*i.4«** M| > , ,«,| 1 M II ** *1 • i 

llllliill*m***.|lt.?'; . .'Mil 1 •* **AII I l> II 11 I ll ! I II l I A#*lf *. *.« #* / 4 « I -■» , M a*/ H* H 

"4**4* A| i*ia*«a* 4 Itll-/*l ,i r('**»'|l1l HlillMim 14*1 ! Mil AAA A »'rrH»;A*fi|W* A | if 
tt2 it 2111114*4*1 || i l , i *. ii Hi. MM Mill Hi i : i 5 • * , l • • 1 M 4 * •» •- J r 't* I | .V / ’ | I I A 44 A/ 44 

W‘7f* I M 11 I 4*4 111 ll..', . *' v« 1 li I M II I It- //'iflll t I * AAA * I i> 3rtl| 'iltf’MAA I ! I . ■ >* 1 II AAAAAA 

I}** mu maaaaaai iiii:;;!nn!iiiiiMiiunimiii iiama*m r*:> *iMiiii;.iilt ****** 

44M*liHll4*«*(A*4|MMM’.tMMtt«**AAM lliilll lll-'fi/n .?M'U#m H i||||||l|| 444**4 A* 
ft*? 1 I !1 I I 4 4 AAAAAA* AA ll 1 1 M 1 A 1 AAAAAA AA A A A / A A A | l<\M« ‘JlM J'iJ|l««**m| I ||| f | ft A A AAA A AAA 

tl II I M I 4» 4 A* / / *** / AM '-A*. A# t* At» v ft >1*4V \- > s # ft « ‘ A A * Mil 1 t * / A A f.« . • ■ r • A A A A 

111 Ii i4*ftAftftAAA/-ftftftAAA4tftftAt I ' in I * I t ftft/>ft/#4#A#> l*«* ft A / W*i|l H I |4*(*i ill » fc«« *-•#,* 

AA*AA4444 4i» 4 **A »/•*#*»***► 3 • •■|«**4i*l I *M*/A*\44\ , , > » «- Aft ■ A t # ««. TTu • t^A* 

|M AAAAAA AAAAAA I III Ii AAAAAA A A *•» * *1* M;A A A 4 4/ A A A I A / A A 't . f ( • 1' ft A*A A # 4 Aft f l *. ’< i-"» mi 

T*i AAAAAA 44 IM 1 1 till It I A/ / \A‘* , ft kA A A 4 / ft 4 ft* **' U*>* ‘ : » 1 ^ A ' — 

RUf Aft AAlft II II II I il Ii |l III | I J 'ft* A/ft. A I I illilmm** ' < ' . ' M 1‘IIM‘AA 

“H 1 AAAAA 1MM 1 1 u 11 u Ml 1 Mill I ill M U » IM *1 1 * *** t u,4iii Sffi > 1 » r!**A ^ 

_ rr AAAtftiMM 1 i. t - a •.-* ,v.> MM im. . n« *• t MM * n ! >1 i .:*.*••#= •* , n*** 

0II-MAAAA A || Mi I .'7 #/..■* ft ft 4 M* I 4 %4'H Mrd-, t n *.<>•* "*4f» AAAAAA 

tA m U » IAAAI * A A A *. n.vfftMft ie*t**i **■•'♦< #t<. ><« *« ■ * ■ 

Am****#lt MM. .(i/.v » *T ift. '.*4 7*..’. .'Ill#/* ■ »*.».** f % *'4t' 

***** * IJil I *» # * ; 4 V* ’ * . i *7*# /fti« . *. . Ml AAA<*i*H«»f f f c* 4. t If l»H ft A AAA * 


-•3f*t*AAA»Al lim»rS7?//V 


'7??i'r;rs^#’. *. « it) i.*.* , n ^ hipt riiuu 


Figure 1 . Example of a computer plot of the information theory deniity distribution 
derived from the gravity field. Only part of the eastern hemisphere is shown. Letters 
represent low density and numbers high density. 
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